I. INTRODUCTION
Oscillators are widely used and crucially important in modern microwave transceivers for up-converting and down-converting base-band data, voice, and video signals. The design of fully-integrated oscillator requires trade-offs among many design parameters such as phase noise, frequency band and power consumption. Recent commercial communication products require a radio with flexible multi-band/multi-mode /multi-function operation and the multiple band service demands frequency-agile RF transceivers with wide-band or multiband oscillator circuits. Lots of techniques have been proposed to design multi-band oscillators in the past. A straight-forward multi-band oscillator is using multiple LC-tank oscillators [1] , each oscillator is dedicated to each frequency band, and this approach has best performance. However, the product cost is expensive and with large form factor. The second approach uses wide-tuning range ring oscillator, which has worse phase noise and high power consumption. Other approach uses switchable and tunable LC-tank [2, 3] . In the switching method the resonance frequency of oscillator is modified by adding L and C elements to the tank via MOS switches, which reduces the tuning range and increases phase noise. One alternative uses multi-resonant LC resonator, varactors are used as tuning elements for frequency-band switching and tuning [4] . And various dual-band oscillators [5] [6] [7] 
II. CIRCUIT DESIGN
The net input admittance Y in looking into the whole 6 th order composite resonator from the nodes A and D is given by
This equation indicates if the first 4 th order resonator and the second 4 th order resonator have the same components the whole resonator is a 4 th order resonator.
Switching from (V t2 =V t1 =0 V) to (V t2 =V t1 =2 V), the oscillator switches from high-frequency band to lowfrequency band. However, if the components are different in the two 4 th order resonators or the tuning biases are different, the oscillator circuit uses higherorder resonator.
III. EXPERIMENTS
The triple-band oscillators were designed and fabricated in the TSMC 0.18 μm CMOS process. Fig. 4(a) shows the high-band output spectrum at 8.04 GHz, with 0.41 dBm output power. Fig. 4(b) shows the middle-band output spectrum at 6.02 GHz, with -1.98 dBm output power. Fig. 5(c) shows the low-band output spectrum at 3.68 GHz, with 0 dBm output power. The phase noises were measured using the Agilent E5052B signal source analyzer plus E5053A microwave down converter. 
where L{ w D } is the SSB phase noise measured at w D offset from o w carrier frequency and P DC is DC power consumption in mW. Table 1 is the performance comparison of the VCOs. 
IV. CONCLUSIONS
This letter proposes a novel triple-band cross-coupled oscillator by using 4 th order right-handed LC resonators to form a 6 th order resonator. Two pairs of varactors are used to tune and switch the frequency band. The TB oscillator uses two identical resonators in shunt at the high-frequency and low-frequency bands. 
